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CHAPTER 1. GENEI~:AL INTRODUCTION 
Introduction 
The glycemic index is the area under the glucose curve of food relative to an 
equivalent feeding of glucose or white bread (Jerik~ins et al., 1982). A diet containing a high 
proportion of high glycemic foods is positively related with coronary heart disease, and can 
reduce insulin sensitivity, leading to diabetes (Brand et al., 1991; Liu et al., 2000). 
Therefore, low glycemic index {LGI) foods, which have a reduced insulin demand, may 
favorably influence carbohydrate metabolism. 
In diabetic individuals, LGI diets improve glycemic control {Brand et al, 1991; 
Fontvieille et a1., 1992; Jeri et a1., 1988; Thomas, Brotherhood, &Brand, 1991; Wolever 
et al., 1992) and cause a smaller insulin response and a slower release of glucose into the 
blood than high glycemic index {HGI) foods, possibly creating a greater reliance on free fatty 
acids (FFA) as an energy source. Therefore, LGI starches may be preferable to HGI 
carbohydrate foods due to their decreased insulin demand. 
Different starch granules have different chemical and physical properties (I'anlasigui 
et al., 1991), such as gelatinisation temperature (Leach, McCowen 8~ Schoch, 1959), 
susceptibility to amylase hydrolysis (Leach &Schoch, 1961), and crystalline structure 
{~obel, 1992, chap. 1), which all i~~#luence digestion and glycemic index. High amylose 
starches tend to have a low glycemic index and cause a smaller insulin response in humans 
(Behall, Scholf~eld &Canary, 1958; Goddard, Young &Marcus, 198; Granfeldt, Drews & 
Bjorck, 1995; Vonk et al., 2000) and rats (Morand, Remesy, Levrat & Demigne, 1992; 
Wiseman, Higgiins, Denver & Brand-Miller, 1996) than high amylopectin starches. 
Gelatinization occurs in a starch that is heated in the presence of water (Zobel, 1988). 
The fully gelatinized starch is easily digested (Englyst, Kingman & Currunings, 1992). If the 
starch is then allowed to cool or .age with moisture present, the amylase and amylopectin 
molecules can form a crystalline structure (Englyst et al., 1992). This process is known as 
retrogradation, and retrograded starch is resistant to digestion (A.►nnison c~ Topping, 1994). 
The nature of resistant starch depends on the amount of water present, the amylose to 
a~mylopectin ratio, and the time -and temperature of storage (~►nnison &Topping, 1994). 
Retrogradation occurs rapidly in linear amylose, and the process is limited in amylopectin 
due to its branched structure (Englyst et al., 1992). Resistance to digestion of high amylose 
starch compared to high amylopectin starch indicates less available metabolizable energy for 
work with high amylose starches. 
These findings on the resistant nature of high amylose starches, and on the benefits of 
a diet low in glycemic index, indicate that a starch with a low glycemic index that is fully 
digestible is desirable. Acid-alcohol modification of high amylase cornstarch results in 
alteration of the physiochemical properties of the corns#~~rch (Fox & Robyt, 1992; Ma ~ 
Robyt, 1987; Robyt, Choe, Fox, Hahn 8~ Fuchs 1996; Robyt, Choe Hahn &Fuchs, 1996). 
The modification involves treating the cornstarch in alcohol and hydrochloric acid and 
incubating until a limiting degree of polymerization (DP) value is reached. During 
modification, cornstarch structure and solubility are changed. Furthermore, digestibility and 
the glycemic response following ingestion of the modified cornstarch may also be 
influenced. The apparent digestibility of the acid-alcohol modified high amylose cornstarch 
in rats is 91.5 % (Zhou &Kaplan, 199'0. 
The two major goals of the present study are to compare the postprandial digestion of 
native and acid-alcohol modified amylomaize-7 cornstarches and parameters of resting 
energy metabolism. It was hypothesized that modified amylomaize-7 cornstarch would be 
more digestible in the small intestine, and more biologically available than native 
amylomaize-7 cornstarch. Acid-alcohol modified amylomaize-7 cornstarch was expected to 
be highly digestible, yield a low glycemic index, and result in less suppression of lipolysis 
and lower triglyceride concentrations than dextrose. Furthermore, the modified amylomaize- 
7 cornstarch was expected to maintain blood glucose at a constant level, preventing- the drop 
in blood glucose observed approximately two hours after a dextrose feeding. 
Thesis Organization 
The research topic is described from a broad perspective fiirst by explaining the 
benefits of a LGI diet, .followed by information on starches and digestion, and finally by 
exploring the possible influence of acid alcohol modification on digestibility of high amylose 
cornst<~rch. 
Procedures for data collection are presented first in the methods section, followed by 
analytical procedures, calculations, and statistics. Results and discussion are organized by 
first describing glycemic response following the test carbohydrate feedings, followed by the 
influence of that response on respiratory exchange ratio, FFA, glycerol, and triglycerides. 
Due to problems encountered during exogenous glucose analyses in blood and breath 
samples, those results remain unclear and are presented in the appendix. 
CI~[AI'TER 2. LITERATI;fRE REVIEW 
Glycemic Index 
The glycemic index is the area under the glucose curve of food relative to an 
equivalent feeding of glucose or white bread (Jenkins et al., 1982). A diet containing a high 
proportion of high .glycemic foods load is positively related to coronary heart disease {Liu et 
a1., 200fl). Furthermore, coronary heart disease is better predicted by glycemic load than the 
traditional simple%omplex carbohydrate classification system (Liu et al., 2000). Diets. high in 
glycemic load also reduce insulin sensitivity, which can lead to diabetes (Brand et al., 1991). 
Therefore, LGI foods, which have a reduced insulin demand, may favorably influence 
carbohydrate metabolism. 
In diabetic individuals, LGI diets improve glycemic control (Brand et al., 1991; 
Fontvieille et al.; 1992, Jerik~ins et al., 1988; Thomas et a1., 1991; Wolever et al. 1992), and 
reduce ser~~rn triglycerides (Fontvieille et al., 1992), ser~~m fructosamine (Fontveelle et al., 
1992; Wolever et al., 1992) and cholesterol (Wolever et al., 1992). Although results are not 
conclusive as no difference in plasma lipids following HGI and LGI feedings has been 
reported {Brand et al., 1991; Fontvieille et al., 1992; Jenkins et al., 1988). In rats, a LGI diet 
results in lower blood glucose, free fatty acid, and triaglycerol concentrations, as well as 
decreased adipocyte size compared to a HGI diet (Lerer-Metzger et al., 1996). The findings 
indicate that along-term LGI diet may decrease plasma glucose, plasma insulin, plasma free 
fatty acid concentration, and adipocyte size. 
Additionally, LGI foods may decrease de novo fatty acid synthesis. High glycemic 
index meals reduce lipolysis compared to LGI meals, through the elevation of insulin, 
resulting from carbohydrate ingestion (Costill et al., 1977; Solomon &Duckworth, 1976). A 
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single HGI feeding results in higher glucose and insulin concentrations, as well as a lower 
FFA concentration than a LGI feeding (Thomas et al., 1991). Insulin decreases fat oxidation 
and increases conversion of blood glucose to glycogen, causing a greater reliance of muscle 
on glycogen metabolism. {Costill et al., 1977). Low glycemic index foods cause a smaller 
insulin response and a slower release of glucose into the blood than HGI foods, possibly 
creating a greater reliance on FFA as an energy source. 
Postprandial insulin levels return to normal in approximately 2-3 hours (Coyle, 
Coggan, He~unert, Lowe & Walters, 1985; Heath et al., 1983). However, insulin action on 
certain tissues persists for some time after plasma insulin decreases. The effect of a 
carbohydrate meal lasts 2-4 hours beyond the time when insulin levels return to baseline 
{Coyle et al., 1985; Montain, Hopper, Coggan &Coyle, 1991). The effects of insulin. that 
persist four hours postprandial include decreased blood glucose concentration during the first 
hour of exercise and a suppression of the normal increase in plasma free fatty acids and blood 
glycerol during exercise (Montain et al., 1991). 
Starches 
These findings on glycemic index indicate that LGI starches that cause lower insulin 
responses than HGI carbohydrate foods may be preferable due to their decreased insulin 
demand. Hii~erent starch granules have different chemical and physical properties 
{Panlasigui et al., 1991), such as gelatinization temperature {Leach et al., 1959), 
susceptibility to amylase hydrolysis (Leache &Schoch, 1961) and crystalline structure 
{Zobel, 1992), which influence digestion and glycemic index. 
Starch granules are made up of small crystalline regions that can have many different 
forms and give structure to the granule (Zobel, 1988). The crystallinity of native starches 
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fa11s in the range of 15-45% (Zobel, 1988). There are two main patterns of crystalline 
structures in starches that can be determined by x-ray diffraction patterns. High amylose 
starches tend to be type B, which hold more water, and tend to be more resistant to digestion 
than t~Tpe A starches (A~nnison &Topping, 1994; Englyst et al., 1992}. The crystalline 
struct~~re in starches is thought to be mostly amylopectin because amylose can be leached 
out, leaving amylopectin and crystallinity intact (Zobel, 1992). 
High amylose starches (>30% amylose) can contain a different crystalline pattern 
than the A and B patterns described above. Heating can also lead to a breakdown of the 
commonly seen Type A and B structures, which can change the digestion and nutritive value 
of the starch (~!►nnison &Topping, 1994). Gelatinization occurs in a starch that is heated in 
the presence of water (Zobel, 1988). A fully gelatinized starch is easily digested (Englyst et 
al., 1992). If a gelatinized starch is allowed to cool or age. with moisture present, the asnylose 
and amylopectin molecules can form a crystalline structure {Englyst et al., 1992}. This 
process is known as retrogradation, which occurs due to the forming of interchain hydrogen 
bonds (Englyst et al., 1992). The nature of retrograded, also known as resistant starch, 
depends on the amount of water present, the amylose to amylopectin ratio, and the time and 
temperature of storage {~►nnison &Topping, 1994). Retrogradation occurs rapidly in linear 
arnylose, and the process is limited in amylopectin due to its branched structure (Englyst et 
al., 1992). 
Besides retrogradation, many other factors influence starch digestion. Larger starch 
particles with love surface. area to starch ratios are digested more slowly and result in slower 
rates of glucose absorption and insulin secretion than do starches with high surface area to 
starch ratios. {~►nnison &Topping, 1994; O'Dea, Nestel & Antonof~, 1980). Soaking 
starches in different solutions and .autoclaving can also influence digestion {Siddhuraji & 
Becker, 200.1). Furthermore, fiber seems to inhibit starch digestion (Steinhart, Jenkins, 
Mitchell, Cuff & Prokipchuk, 1992). Amylose-lipid complexes are degraded slower than free 
amylose {Holm et al., 1983), and t~~ansit time of carbohydrates from the mouth to the ileum 
can vary from person to person (Englyst et al., 1992}. 
.The glycemic index of starches is also influenced by their amylose to amylopectin 
ratios. Most starches are composed of 70-80 % amylopectin and 20-30% amylose. Starch 
composition can, however, vary from nearly pure amylopectin such as in corn and rice, to 
starches such as the wrinkled pea, which is greater than 70% amylose (A.►nnison &Topping, 
1994). 
Structurally, amylose is a mostly linear molecule with longer chain lengths (mostly 
a-(1-4) glycosidic Iiriks) and a smaller _degree of polymerization {DP) than the highly 
branched (oc-(1-4) and oc-(1-6} glycosidic links) amylopectin molecule {Annison &Topping, 
1994). High amylose starches tend to have a low glycemic index and cause a smaller insulin 
response in humans (Behall, .Scholfield &Canary, 1988; Goddard, Young &Marcus, 1984; 
Granfeldt, Drews & Bj orck, 1995; Vonk et al., 2000) and rats (Morand, Remesy, Levrat & 
Demigne, 1992; Wiseman, Higgiins, Denver & Brand-Miller, 1996) than high amylopectin 
starches. Chronic consumption of high-amylose foods normalizes the insulin response of 
hyperinsulinemic subjects and may be of benefit for diabetic subjects (Behall &Howe, 
1995}. Triglyceride and cholesterol concentrations are also lower following a high amylose 
diet in humans (Behall &Howe, 1995; Behall, Scholfield, Yuhaniak &Canary, 1989} and in 
the postabsorptive period in rats (Morand et a1., 1992) compared to a high amylopectin diet. 
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Due to the effects of insulin, a HGI meal causes a greater initial decrease in free fatty 
acid concentration than a LGI meal. Furthermore, _free fatty acid concentration is higher six 
hours postprandial with an HGI feeding compared to an LGI .feeding, possibly due to rising 
glucagons concentrations 2 to b .hours following the HGI meal, which stimulates lipolysis 
Evan Amelsvoort & Weststrate, 1992). This delayed rise in FFA concentration with HGI 
feedings is observed in the postabsorp►tive period in rats (1Vlorand et a1., 1992}. Furthermore, 
glycerol concentration decreases following ingestion of digestible cornstarch followed by a 
rise in the postabsorptive period,. while no change in glycerol concentration following 
ingestion of partially resistant cornstarch occurs (Achour et al., 1997}. However, no 
difference in FFA concentration following LGI and HGI meals. is seen in the postabsorptive 
period, possibly resulting from the replacement of fatty acid oxidation of the acetate 
produced from colonic fermentation {Achour et al., 1997) or with glucose released by the 
11ver. 
Resistant Starch 
Type-B crystallinity in starches, which resists breakdown or digestion, is referred to 
as retrogradation (Annison &Topping, 1994). To help clarify the types of resistant starches, 
Englyst et a1. (1992) categorized the resistant stazches into 3 categories: physically 
inaccessible starch (rice, legumes), resistant starch granules (muesli and bananas), and 
retrograded starch (cooled cooked foods). 
Starches higher in amylose undergo retrogradation more rapidly than low amylose 
starches (Zhang &Jackson, 1992). Furthermore, high amylose starch, including cornstarch 
and cornstarch hybrids, is partially resistant to digestion (Annison &Topping, 1994; Englyst 
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8~ Cummings, 1985), which indicates less available metabolizable energy. High amylose 
resistant cornstarch is about ~0% digestible {Vonk et al., 2000). 
Consumption of fully digestible cornstarch results in higher glucose and insulin 
concentrations thane does consumption of partially resistant cornstarch (Achour et al., 1997). 
Ingestion of fully digestible cornstarch causes blood glycerol concentration, a marker of 
lipolysis, to decrease by a concentration of approximately 100 ~,cmoUL for two hours 
postprandial then rise linearly over the next six hours back to baseline concentration. 
Conversely, ingestion of partially indigestible cornstarch causes blood glycerol 
concentrations to remain roughly constant. Furthermore, a larger increase in postprandial 
breath 13C0~, an indicator of cornstarch digestion and metabolism, is observed after in estion g 
of highly digestible cornstarch than after ingestion of partially resistant cornstarch (Achour et 
a1., 1997; Vonl~ et al., 2000). 
Breath hydrogen concentration, present when carbohydrates are fermented in the 
large intestine, is higher following high amylose or partially resistant cornstarch feedings 
compared to high amylopectin or completely digestible cornstarch feedings (Achour et al., 
1997; Behall &Howe, 1997}. Satiety ratings are lower in the absorptive period (Achour et 
al., 199; Raben et a1., 1994) and higher 6 to 10 hours following a partially indigestible 
starch meal compared to a completely digestible starch _meal (Achour et a1., 1997; van 
Amelsvoort & Weststrate, 1992). These findings of increased. fermentation and lower satiety 
during the absorptive period following ingestion of high amylose starches compared to high 
amylQpectin starches indicate that high amylose starches are partially resistant to small 
intestine digestion. Less digestion of high amylose starches compared to completely 
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digestible carbohydrates indicates less available metabolizable energy for work following 
high amylose starch ingestion. 
Acid-Alcohol Modified Cornstarch 
These findings on the resistant nature of high amylose starches, and the benefits of a 
diet low in glycemic index, indicate that a starch with a low glycemic index that is fully 
digestible is desirable.. Acid-alcohol modification on high amylose cornstarch results in 
alteration of the physiochemical properties of the cornstarch (Fox & Robyt, 1992; Ma & 
Robyt, 1987; Robyt, Choe, Fox, et al., 1996; Robyt, Choe, Hahn, et al., 1996). The 
modification involves treating the cornstarch in alcohol and hydrochloric acid (HCL) and 
incubating until a limiting DP value is reached. During the modification process, the DP of 
the cornstarch drops rapidly, and different limit dextrins are formed depending on several 
factors in the modification process. 
The DP value is an indicator of the chain length of the cornstarch. A greater 
modification of the cornstarch leads to decreased chain length and DP value of the resulting 
limit dextrin. The limit dextrin is the structure of the modified cornst<~rch or polysaccharide 
after it stops changing, which seems to occur within 30 and 75 hours (Fox & Robyt, 1992). 
Different limit dextrins result from varying modification procedures, and they have different 
chain length distributions and ~mylose to amylopectin ratios. 
The factors that influence the outcome of the modification are the type of cornstarch 
used, the amount of cornstarch used, the alcohol used, the concentration of the acid, and the 
temperature of incubation._ In general, decreasing DP values result with increasing 
incubation temperature, increasing cornstarch concentration, increasing amylose content of 
the cornstarch being modified, and increasing concentration of HCL. Furthermore, the DP 
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value of the limit dextrin decreases with an increasing chain length of alcohol used in the 
modification process. The alcohols that were investigated were, from shortest to longest 
chain length, methanol, ethanol, 2-propanol, and 1-butanol (Fox & Robyt, 1992; Ma & 
Robyt,1987; Robyt, Choe, Fax, et al., 1996; Robyt, Choe, Hahn, et al., 1996). 
Methanol and ethanol modifications do not change the amylose to amylopectin ratio 
of the cornstarches. However, the amylose component was almost completely absent from 
cornstarches treated with 2-propanol and 1-butanoi. This alteration of the 
amyloselamylopectin ratio could result from the dissolution of amylose double helices by the 
alcohol, followed by acid-catalyzed hydrolysis (Fox & Robyt, 1992). Furthermore, an HCL 
concentration of 6% decreases the proportion of amylose with each alcohol, but an HCL 
concentration of 0.36% does not influence the proportion of amylose (Fox & Robyt, 1992). 
This difference of resulting amylose to amylopectin ratios of the cornstarches with 
varying HCL concentrations may indicate a differential susceptibility to hydrolysis of the 
glycosidic bonds within the granule. Fox and Robyt (1992) propose that this differential 
susceptibility of the glycosidic bonds depends on the type of alcohol and the HCL 
concentration used in the modification process. The differential effect of the alcohols may 
occur due to their affect on the concentration of acid inside the granule. Alcoholysis, the 
breaking of glycosidic bonds with alcohol, varies depending on the size of the alcohol used in 
the modification. Methanol-modified cornstarch ha.s the most alcoholysis at about 50% of 
the molecules a.s glycosides, ranging down to 6% glycosides for 1-butanol-modified 
cornstarch (Ma & Robyt, 1987). 
Robyt, Choe, Fox, et al. (1996) suggest that the alcohols somehow affect the 
availability and/or susceptibility of various a-(1-->4) glycosidic linkages inside the granule. 
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It is further hypothesized that the different alcohols make the crystalline areas in the 
cornstarch more susceptible to acid hydrolysis (Robyt, shoe, Fox, et al., 1996). 
These changes in cornstarch structure and solubility may also influence the rate of 
cornstarch digestion and the insulin response in humans. Sharp, Robyt, &Kaplan (Patent # 
5,695,803, 1997) report that the modified cornstarch prevents increases in blood insulin 
concentrations prior to exercise. The apparent digestibility of the acid -alcohol modified high 
amylose cornstarch in rats is 91.5% (Zhou &Kaplan, 1997). These findings on the 
characteristics of acid-alcohol modified cornstarch indicate that it results in a low insulin 
response, which allows endogenous glycogen stores to be spared. Furthermore, it appears 
that an acid-alcohol modified cornstarch provides carbohydrate energy for use during 
physical work. 
The two major goals of the present study are to compare the digestion of native and 
acid-alcohol modified amylomaize-7 cornstarches and resting parameters of energy 
metabolism. It was hypothesized that modif ed amylomaize-7 cornstarch would be more 
digestible in the small intestine, and more biologically available than native amylomaize-7 
cornstarch. Acid-alcohol modified amylomaize-7 cornstarch was expected to be highly 
digestible, yield a low glycemic index, and result in lower triglyceride concentration and less 
suppression of lipolysis than dextrose. Furthermore, the modified amylomaize-7 cornstarch 
was expected to maintain blood glucose at a constant level, preventing the drop in blood 
glucose observed approximately two hours after a dextrose feeding. 
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CI~[APTE~ 3. ~ZATERIALS AND ~IETHt~DS 
Participants 
The study was approved by the Iowa State University Human Subjects Review 
Board. Subjects were recruited from. the student population at Iowa State Iniversity. Males 
(n=7) with mean. age of 25 years (SEM = ± 1), weight of 82 kg (SEM = ± 4), and height of 
186 cm (SEM = ± 2) participated in the study. All subjects signed consent forms. 
Procedures 
All trials, including blood and breath gas collections were conducted in the facilities 
of the Department of Health and Human Performance. . Each subject completed three 
experimental trials. The three dietary trials were native and modified amylomaize-7 
cornstarch (70% amylose, 3 0% amylopectin) and dextrose. Each subject received all three 
experimental carbohydrates in a randomized and double blind fashion on different days at 
least one week apart. Subjects kept diet<~ry records. during the three days prior to their first 
trial and repeated the diet during the three days leading up to subsequent trials. The average 
three day pre-trial diet consisted of 2286 kilocalories per day with 19% of the calories 
coming from protein, 46% from carbohydrates, and 32% from fats. 
In the morning following a minimum 8-hour overnight fast, baseline blood and breath 
samples were taken.. Blood samples were collected using a flexible catheter in a vein in the 
antecubital space into 10 ml heparin coated tubes. Breath samples were collected by filling 
10 ml Exetainer tubes for 3 0 seconds, drawn from the mixing chamber of a Physiodyne Max-
1 metabolic cart (Physiodyne, Inc., Quogue, Nom. For each breath sample, subjects breathed 
into. the mouthpiece connected to the mixing chamber for three minutes, with the tubes being 
filled during the third minute. Following the baseline blood and breath samples, subjects 
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were fed 75 g of one of the test carbohydrates, the amount of glucose used during oral 
glucose tolerance testing (American Diabetes Association), dissolved in 360 ml water. Blood 
and breath samples were collected at 30 minutes followed by hourly collections up to 4 
hours. The blood samples were centrifuged and the plasma collected and frozen for later 
analysis. Oxygen consumed and CO2 produced were monitored with use of the metabolic 
cart, and were used in subsequent calculations. 
Analytical Procedures 
Fatty Acid Identification and Quantification 
Optima grade solvents (Fisher Scientific, Chicago, IL) were used in all analyses. 
Total lipids were extracted from plasma with hexane:isopropanol by the method of Radin 
(1981). The lipid samples were dried at 37°C under nitrogen. The lipids were saponified and 
fatty acids collected as outlined by Li, Kaplan and Hachey (2000). Fatty acid methyl esters. 
(FAME) were prepared by the method of Morrison and Smith (1964) in boron 
trifluoride/methanol. The FAMEs were extracted with hexane and collected into auto sampler 
vials. 
Fatty acid methyl esters were separated, identified, and quantified on a gas 
chromatograph (GC) (model 6890; Hewlett-Packard, Palo Alto, CA) fitted with a Omegawax 
250 capillary column 30 m x 250 µm x 0.25 µm film (Supelco, Bellefonte, PA). The injector 
temperature and the flame ionization detector were 250°C. The temperature program was 
initial temperature of 120°C, followed by a ramp at 1 S°C/min to 200°C and held for 8 
minutes, followed by a ramp at 4°C/min to 220°C .and held for 11.67 minutes, with a total run 
time of 3 0 minutes. The split ratio was 50:1, and the helium column pressure was 10 psi. 
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Identification and quantif cation of specific fatty acids from the total lipid will allow 
an explanation of any changes that occur in total FFA concentration during the meal 
challenges by accounting for the specific fatty acids) that change. Furthermore, based on the 
concentration of linoleic acid, which constitutes 58% of corn oil (USDA), a hypothesis as to 
the effectiveness of the three-day pre trial diet in decreasing 13C in the lipids stores of the 
subjects can be made. 
Glycemic Response 
The plasma samples were analyzed for total glucose and insulin at each time point as 
indicators of glycemic response. Measurements of total glucose were made using a glucose 
kit (Sigma Diagnostics, Inc., St. Louis, MO). Insulin was measured using the Coat-a-Count 
insulin procedure (Diagnostic Products Corporation, Los Angeles, CA), which is a solid-
base radioimmunoassa . In the rocedure, lasma sam les and i2sl-labeled insulin were P Y p P p 
pipeted-into test tubes coated with insulin specific antibody. The i2sI-labeled insulin 
competed with insulin in the plasma samples for sites on antibody. Following overnight 
incubation, the supernatant from the tubes was decanted to terminate the competition for sites 
on the antibody. . The amount of antibody-bound i2sI gamma radiation was analyzed on a 
Gamma Counter. (model Cobra 2, Packard, Minneapolis, l~'IN) and converted using a 
calibration curve to measure the insulin present in the plasma sample. 
Lipolysis and Esterification 
Total plasma FFA, glycerol, and triglyceride concentrations were measured at each 
time point. Glycerol and triglyceride concentrations were measured using a triglyceride kit 
(Sigma Diagnostics, Inc.). The triglyceride reagent contains lipoprotein 1-ipase, which 
hydrolyzes triglycerides to glycerol and fatty acids and causes production of quinoneimine 
~~ 
dye with an increasing absorbance at 540 nm directly proportional to triglyceride 
concentration of the sample. Endogenous glycerol is assayed using a reagent containing no 
lipoprotein lipase, which causes production of quinoneimine dye with an increasing 
absorbance at 540 nm directly proportional to glycerol concentration of the sample. Total 
FFA concentrations were measured using a NEFA C test kit (wako Chemicals USA, Inc., 
Richmond, VA) 
Calculations 
Respiratory Exchange Ratio 
Respiratory exchange ratio (RER), an estimate of the composition of oxidized fuels, 
was calculated as the ratio of liters of CO2 produced to liters of 0 2 consumed, corrected for 
standard temperature and pressure (STP), during the third minute of breath collection into the 
miffing chamber. 
Glycemic Index 
Glycemic index was calculated as the average area above baseline under the glucose 
versus time curve for each amylomaize-7 cornstarch feeding as a percentage of the average 
area obtained for the dextrose feeding (Jenkins et al., 1982). 
Specific Fatty Acids 
The concentrations of specific fatty acids in plasma were calculated using the 
following formula. 
X =((100/C 17~) x (FAQ/270)) x 2 
where: 
X = µmoUmL of fatty acid of interest in plasma at time x 
C 17~ =area of the C 17 standard peak at time x 
17 
FAQ _ -area of the peak of the fatty acid of interest at time x 
100 = 100µg of C 17 standard added to each sample 
270 = 270µg/µmol 
2 =correction factor because O.SmL of plasma was used for lipid extraction 
Statistics 
One-way repeated measures ANOVAs were conducted with type of cornstarch as the 
fixed factor and area under the glucose curve as the dependent variable. Two-way repeated 
measures ANOVAs were done with trial and time as the f xed factors and plasma insulin, 
triglycerides, glycerol, FFA, glucose, RER, and specific fatty acids from the total lipid as 
dependent Variables. 
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Ci~[APTER 4. RESULTS AND DISCUSSION 
Results 
Glycemic Response 
Following dextrose ingestion, total- plasma glucose and total insulin concentrations 
(Figures 1 and 2) were significantly elevated at the 30 minute time points compared to all 
other time points. Insulin was still elevated at the 60-minute time point before returning to 
the zero time concentration. Plasma glucose concentration dropped down to the zero time 
concentration at 60 minutes and continued to drop to a concentration that was significantly 
lower at 120 minutes than at all other time points. In the two cornstarch challenges, plasma 
glucose and insulin concentrations underwent slight, but non-significant increases at 30 
minutes and remained unchanged throughout the remainder of the trial. 
Glycemic Index 
Average areas above baseline under the total glucose versus time curve above baseline and 
the glycemic indexes of the three experimental carbohydrates are shown in Table 1. The area 
above baseline under the glucose curve of dextrose was greater than the area of the modified 
amylomaize-7 cornstarch postprandial response. The difference between the dextrose area 
under the curve above baseline and the native amylomaize-7 cornstarch area wa.s not 
significant (p = 0.18). 
Breath Analysis 
No significant differences in respiratory exchange ratio occurred between the three trials 
(Table 2). No differences over time occurred within any of the three trials. 
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Table 1. 
Area Under Curve and Glycemic Index 
Trial Area under curve above baseline Glycemic 
(mM x min) (n = 7) Index 
Modified Amylomaize-7 Cornstarch 32.8 ± 10.18 a 39% 
Native Amylomaize-7 Cornstarch 44.3 ± 13.5 8 ~b 52% 
Dextrose 84.9 ± 19.16 b 100% 
Note. Mean values (± 5EM) of area under above baseline under the glucose curve, and 
gycemic index of native amylomaize-7 cornstarch, modified amylomaize-7 cornstarch, and 
dextrose. Glycemic index was calculated from area above baseline under curve as described 
in Materials and Methods. Areas under curve that don't share a common letter are 
significantly different from one another. 
Lipolysis and Esterification 
Plasma free fatty acid concentration (Figure 3) following dextrose ingestion was 
significantly lower at ~3 0, 60, and 120 minutes than at zero time and 240 minutes. Plasma 
FFA concentration-decreased significantly from 0 minutes to 30 and 60 minutes in the native 
amylomaize-7 cornstarch trial. Free fatty acid concentration remained unchanged throughout 
the modified amylomaize-7 cornstarch trial. 
Glycerol concentration dropped non-significantly from 0 to 60 minutes, and was 
significantly lower at 60 minutes than at 240 minutes in the dextrose trial (Figure 4). 
Glycerol concentration during the modified and native amylomaize-7 cornstarch trials was 
unchanged throughout the trial. 
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Table 2. 
Respiratory Exchange Ratios 
Time 
(min)
0 
30 
60 
120 
180 
240 
1Vlodified Amylomaize-7 
Cornstarch
0.80 + 0.02 
0.78 + 0.04 
0.80 + 0.03 
0.80 + 0.03 
0.77 + 0.03 
0.75 + 0.02 
Native Amylomaize-7 
Cornstarch 
0.76 + 0.02 
0.72 + 0.02 
0.75 + 0.02 
0.76 + 0.03 
0.77 + 0.02 
0.72 + 0.02 
Dextrose 
0.80 + 0.03 
0.79 + 0.03 
0.84 + 0.04 
0.80 + 0.02 
0.73 + 0.02 
0.81 + 0.06 
Note. Values are RERs of subjects (n=7) following ingestion of test carbohydrates. 
No changes in concentration of specific fatty acids from total lipid were noted (Table 
3). Linoleic acid, which constitutes 58% of corn oil (USDA), had the highest concentration 
during all trials. 
Plasma triglyceride concentration (Figure 5) in the dextrose trial increased from 0 to 
30 minutes, and then decreased and was significantly lower than the 30 and 60-minute 
concentration at 240 minutes. In the two amylomaize-7 trials, plasma triglyceride 
concentrations were unchanged throughout the trials. 
Gastrointestinal Distress 
Gastrointestinal distress reported by the subjects in shown on Table 4. Qne subject reported 
distress during both modified and native amylomaize-7 cornstarch trials and one subject 
reported distress following the native amylomaize-7 cornstarch trial. 
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Fqure 3. Plasma free fatty aad conoer~tration + SEM of subjects (n=~ 
following ingesfion of the test carbohydrates. Time points that do not 
share a common letter are different from one another. 
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Table 4. 
Gastrointestinal Distress 
Subject Dextrose Modified Native 
Amylomaize-~ Amylomaize-7 
Cornstarch Cornstarch 
1 
3 
6 
7 
No 
No 
No 
No 
No 
Yes Yes 
No Yes 
No No 
No No 
No No 
No No 
No No 
Note. Gastrointestinal distress reported by a subj ect is indicated by a "Yes." "No"indicates 
no report of distress by the subject. 
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Discussion 
The original hypothesis was that digestion of the modified amylomaize-7 cornstarch 
would be greater than native amylomaize-7 cornstarch. High amylose resistant cornstarch is 
approximately 50% digestible (Vonk et al., 2000) compared to a total digestibility of about 
90% with modified amylomaize-7 cornstarch in rats fed various carbohydrates for four weeks 
(Zhou &Kaplan, 1997). Part of this difference in digestibility between modified and native 
high amylose cornstarches in earlier studies may be accounted for by differences in 
methodology. Zhou and Kaplan allowed the rats to adapt to each diet, which may have 
improved digestibility. Behall and Howe (1997) show that 12 weeks on a high amylose diet 
results in adaptation to the diet, evidenced by fasting breath hydrogen concentrations on a 
high amylose diet equal to fasting breath hydrogen concentrations on a high amylopectin 
diet. Behall and Howe propose that the effects of insulin on several intestinal hormones such 
a.s gastric inhibitory peptide, secretin, and somatostatin may cause this adaptation to a high 
amylose diet. 
In contrast to the study of total digestibility of modified amylomaize-7 cornstarch in 
rats fed various carbohydrates for 4 weeks, Vonk et al. measured small intestine digestion 
following single meal challenges. Furthermore, Zhou and Kaplan measured total digestion, 
as measured by the difference in amount of carbohydrate fed to the rat and the amount 
appearing in feces. In contrast, Vonk et al. measured small intestine digestion using 13C 
analysis of blood and breath samples, which are analyses that do not account for fermentation 
in the Large intestine. Despite the contrasting methods of previous research of measuring 
starch digestibility, the original hypothesis in this study was that digestibility would be 
greater in the modified amylomaize-7 cornstarch than in the native amylomaize-7 cornstarch. 
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However, the results of the present study do not demonstrate a difference between the 
modified and native amylomaize-7 cornstarches using total glucose, insulin, FFA, glycerol, 
and triglyceride analyses. 
Based on the finding that linoleic acid, which constitutes 58% of corn oiI (USDA), 
had the highest concentration during all finals, it appears that lipids stored in the body are not 
tln-ned over during three days on the diet low in corn products. None of the individual fatty 
acids from total plasma lipids changed significantly during any of the trials. It appears that 
the significant decrease in total FFA that occurs following dextrose .ingestion is a result of 
non-significant decreases in multiple fatty acids. 
This decrease in total FFA that occurs to a greater extent following dextrose ingestion 
agrees with the earlier finding that a single HGI feeding results in lower FFA concentration 
than does a LGI feeding (Thomas et al., 1991). Furthermore, due to stimulation of lipoprotein 
lipase and inhibition of hormone sensitive lipase by insulin, HGI feedings result in less FFA 
lipolysis and oxidation than do LGI feedings. Therefore, HGI feedings may create a greater 
reliance on carbohydrates from endogenous sources, such as liver glycogen. The data show 
that both amylomaize-7 cornstarches result in less suppression of FFA lipolysis than 
dextrose. 
In previous studies, changes in FFA and glycerol concentrations were concurrent 
(Costili et a1., 1977; Coyle et al., 1985). In this study, the .glycerol versus time curve 
revealed a similar pattern to the FFA versus time curve. The glycerol concentration was 
lower at 60 minutes than 240 minutes in the dextrose trial only. However, the drop in FFA 
during the dextrose trial was larger than the drop in glycerol concentration. 
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A larger suppression of lipolysis following dextrose ingestion than following 
amylomaize-7 cornstarch ingestion is consistent with the lower insulin responses from the 
amylomaize-7 cornstarches. The difference between FFA and glycerol curves could also 
indicate a possible increased uptake of FFAs by skeletal muscle. Skeletal muscle can oxidize 
fatty acids. Conversely, glycerol cannot be oxidized or converted to a-glycerolphosphate for 
reesterfication by skeletal muscle. Therefore, it is possible that during the dextrose trial, 
FFAs were oxidized in the muscle or reesterified, while glycerol was released into the 
bloodstream. The REl~ data does not support increased fat oxidation during the dextrose 
trial, which, based on the possible fates of FFAs, may suggest increased storage. 
Triglyceride concentration during the dextrose trial rose significantly from 0 to 30 
minutes, and then decreased significantly from 30 minutes to 180 and 240 minutes. This 
pattern mimicked the pattern observed in plasma glucose concentration. Final triglyceride 
concentrations were around 0.6 mmoUL for all three groups, so it appears that the higher 
glucose concentration at 30 minutes in the corn dextrose trial compared to the amylomaize-7 
cornstarch trials results in greater triglyceride synthesis at 30 minutes in the dextrose trial 
than in the amylomaize-7 cornstarch trials. Long-term LGI diets lower triglyceride 
concentrations compared to HGI diets (Behall &Howe, 1995; Behall, et a1., 1989; 
Fontvieillle et al., 1992; however an acute effect of LGI feedings compared with HGI 
feedings does not agree with previous literature (Brynes et al., 2003). 
Plasma glucose and insulin concentrations increased significantly in the dextrose 
challenged group. The effects of the increased insulin concentration during the dextrose trial 
appear to persist for about one hour beyond the time when insulin concentration returns to 
the zero-time concentration. During the dextrose trial, insulin concentration returns to zero-
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time concentration at 120 minutes, while glucose and FFA do not return to zero-time 
concentration until 180 minutes. These results on the persistent effects of insulin agree with 
previous research (Coyle et al., 1985; Montain, Hopper, Coggan &Coyle, 1991 }. 
In the two cornstarch challenged groups, plasma glucose and insulin concentrations 
increased non-significantly at 30 minutes, and glucose concentrations remained unchanged 
throughout the trial. This suggests. that both starches are being digested and absorbed to some 
extent. 
The data indicate that amylomaize-7 cornstarches are low glycemic index starches 
and that ingestion of them results in relatively constant plasma glucose concentrations far 
several hours. It appears that ingestion of both amylomaize-7 cornstarches results in a 
smaller decrease in FFA Iipolysis and in less triglyceride synthesis than dextrose. These 
effects of LGI foods agree with previous findings that LGI diets improve glycemic control 
(Brand et a1., 1991.; Fontvieille et al.; 1992, Jenkins et al., 1988; Thomas et al., 1991; 
Wolever et al. 1992), and reduced serum triglycerides (Fontvieille et al., 1992), serum 
fructosamine (Fontvielle et al., 1992; Wolever et al., 1992) and cholesterol (Wolever et al., 
1992}. 
The results of the present study do not demonstrate a difference between the 
modified and native amylomaize-7 cornstarches using total glucose, insulin, FFA, glycerol, 
and triglyceride analyses. However, these analyses may not be appropriate for revealing 
differences between the modified and native amylomaize-7 cornstarches. Tracing digestion 
and oxidation using 13C analyses of blood and breath samples are more sensitive techniques, 
and were .expected to reveal any differences between the modified and native amylomaize-7 
cornstarches. However, the 13CO2 data has been questioned due to lack of consistency of the 
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resulting delta values when samples were run twice, and because the delta values did not fall 
in the expected range of magnitudes, Delta values of breath samples are usually around —20, 
but they were in the region of --~0 in this study, suggesting cont<unination of the sample with 
room air. Furthermore, due to instrument difficulties, 13C- lucose anal sis was com leted for g Y p 
only 2 subj ects. Therefore, results of exogenous glucose analyses are unclear and are 
presented in the appendix. 
In conclusion, amylomaize-7 cornstarches fed to subjects as a single meal challenge 
result in a low glycemic index, a smaller reduction in FFA lipolysis and lower triglyceride 
concentrations than dextrose. These data agree with previous research on the effects of LGI 
foods on glucose, insulin, FFA, and triglycerides (Brand et a1., 1991; Fontvieille et a1., 1992; 
Jenkins et al., 198 8; Thomas et al., 1991; Wolever et al., 1992). Furthermore, while these 
results show no differences between the modified and native amylomaize-7 cornstarches, the 
data suggest that acid-alcohol modification of amylomaize-7 cornstarch does not adversely 
affect the low glycemic and low insulinemic character of high amylose starches. 
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CHAPTER 5. CONCLUSIONS 
The data indicate that amylomaize-7 cornstarches fed to subjects as single meal 
challenges result in a low glycemic index, and that ingestion of them results in maintained 
plasma glucose concentration for several hours. It appears that ingestion of both 
amylomaize-7 cornstarches results in Less suppression of FFA lipolysis and less triglyceride 
synthesis than dextrose. The data agree with previous research on the effects of LGI foods 
on glucose, insulin, FFA, and triglycerides (Brand et al., 1991; Fontvieille et al., 1992.; 
Jenkins et al., 1988; Thomas et al., 1991; Wolever et al., 1992). 
The original hypothesis wa.s that digestion of the modified amylomaize-7 cornstarch 
would be greater than the native amylomaize-7 cornstarch. High amylose resistant 
cornstarch seems to be about 50% digestible (Vonk et al., 2000) compared to total 
digestibility in rats of about 90% with modified amylomaize-7 cornstarch (Zhou &Kaplan, 
1997). However, the results of the present study do not support a .difference between the 
modified and native amylomaize-7 cornstarches using total glucose, insulin, FFA, glycerol, 
and triglyceride analyses. 
It is possible that these analyses may not be sensitive enough to reveal differences 
between the modified and native amylomaize-7 cornstarches. Tracing digestion and 
oxidation using ~3C analyses of blood and breath samples are more sensitive techniques, and 
were expected to reveal any differences between the modified and native amylomaize-7 
cornstarches. However, due to difficulties with equipment in caarrying out the j3C tracer 
analysis, those results remain unclear and are presented in the appendix below. 
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APPENDIX. EXOGENOUS GLUCOSE METHODS, RESULTS AND DISCUSSIC)N 
Due to equipment difficulties in completing 130-glucose analyses and doubts about 
the accurac of the breath 13002 anal ses, results remain unclear. Carboh drate oxidation as y y y 
measured b 13002 roduction was uite variable. The 13002 data has been uestioned due to y p q q 
Lack of consistency of the resulting delta values when samples were run twice, and because 
the delta values did not fall in the expected range of magnitudes. Delta values of breath 
samples are usually around --20, but they were in the region of --40 in this study, suggesting 
conti~.mination of the sample with room air. Furthermore, due to instrument difficulties, 13C -
glucose analysis was completed for only 2 subj ects. Therefore, existing differences would 
likely not be revealed by this analysis. 
Exogenous Glucose Procedures 
Each subject completed three experimental trials. The three dietary trials were native 
and modified amylomaize-7 cornstarch (70% amylose, 3 0% amylopectin) and dextrose. 
Cornstarches are suited for use in this study because a high proportion of the carbons in 
cornstarches consist of the ~3C stable isotope, which can be used to monitor metabolic 
responses. The cornstarches in question have previously been shown to be naturally high in 
130 (I-Iatch 8z Slack, 1970). 
Subjects were instructed to adhere to a diet plan low in corn and corn products for 
three days prior to each trial. The subjects were provided with a list of foods to avoid and 
instructed to abstain from ingestion of corn based food products and beverages or products 
that contain corn derived ingredients such a.s sweeteners, oil, cornstarches, or corn meal. The 
subjects recorded their diet for the three days prior to each trial, and were asked to repeat the 
same diet for each trial to keep the background 130 consistent over the three trials. The 
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average three day pre-trial diet consisted of 2286 kilocalories per day with 19% of the 
calories coming from protein, 46% from carbohydrates, and 32% from fats. Subjects were 
also asked to report any abdominal discomfort during or following the trials because 
discomfort has been observed in humans consuming guar ~ (Todd, Benf eld &Brand, 
1990), presumably as a result of fermentation (.A.►nnison &Topping, 1994). 
13C Analysis
Isoto a i3C/~2C ratios were ex ressed as delta values which are com arisons to the p ( ) p ~ p 
isotope ratio of the international. standard, PeeDee Belemnite (V~olfe, 1992). Delta values of 
the non-derivatized experimental carbohydrates and the glucose standard were determined 
using an elemental analyzer-isotope ratio mass spectrometer (EA-I]EZMS) (model NA 
1500NC, Micromass, Cheshire, UK). 
The glucose di-o-isopropylidene derivative was prepared from plasma samples as 
described by Hachey et a1. (1999). The final glucose di-o-isopropylidene derivative was 
dissolved in 1 m1 ethyl acetate. Electron ionization mass spectra of derivitized glucose 
standard were verified by using a Fisons Trio 1000 gas chromatograph-mass spectrometer 
(GC-MS) (Thermoquest, San Jose, CA) fitted with a DB-SMS silica column 30 m x 0.25 µm 
x 0.25 µm elm (J & w, Folsom, CA). The temperature program was initial temperature at 
80°C for 1 minute, followed by a ramp at 10°C/min to 260°C and held for I 1 minutes. The 
septum purge was 2 ml/min, and the helium column pressure was 10 psi. The sample was 
injected in splitless mode. 
Two microliters of the di-o-isopropylidene derivatives were manually injected 
splitless into a gas chromatograph-combustion-isotope ratio mass spectrometer (GC-C- 
IRMS) (model NA 15 S NC, Microma~ss} with the same column and GC conditions described 
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above. Eluted compounds were combusted at 800°C in a copper oxide furnace. The water 
was trapped using liquid nitrogen heated to —100°C. Delta values of the resultant CO2 were 
recorded. 
13C analysis in breath samples was analyzed with an IR:MS (NA 1500 NC, 
Micromass). One microliter of each sample was injected into the gas chromatograph at 100°C 
f tted with a Hayesep 60-80 mesh packed column (Chrompack, Chrom Tech, Apple Valley, 
l~Z[~T) that was 1.3 rn x 3.175 mm x 2 mm ss, with the thermal conductivity detector at 100°C 
and the sample vessel pressure at 2.5 psi. 
Calculations 
13C Glycemic and Oxidation Indexes 
The 13C glycemic index was calculated as the average area above baseline under the 
13C lucose versus time curve during the first 2 hours os randial for each am lomaize-7 g p ~ y 
cornstarch trial as a percentage of the average area above baseline under the 13C glucose 
versus. time curve during the first 2 hours postprandial for the dextrose trial (Vonk, 2000). 
The four-hour cumulative total of oxidized exogenous carbohydrate from the cornstarch of 
interest was expressed as a percentage of the 4-hour cumulative total of oxidized exogenous 
dextrose (Vonk, 2000). 
Exogenous Carbohydrate Oxidation 
The oxidation of exogenous carbohydrate was calculated using the following formula. 
X = ((SCO2~~~ - SCO2~~o~)/(S~~ - SCO2~~~)) x ((VCO2~ x 180)/(22.4 x 6)) 
Where: 
X = mg/min of oxidized carbohydrate 
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VCO2t~~ = mLCO2/min expired at specific postprandial times, corrected for STP 
~CO2~~~ =delta value of expired CO2 at specific postprandial times 
bCO2~to~ =delta value of expired COQ at zero time 
~carb =delta value of the non-derivitized carbohydrate of interest 
6 = number of carbons per glucose molecule 
22.4 =milliliters/mmol of glucose 
180 =molecular weight of glucose 
Exogenous 13C-glucose 
The corrected delta values for dilution of i3C-glucose by the derivatization process. 
were obtained using the following formula as described by Van Dongen. (2001). 
S13C — ~la+ b~~S
13
Der~ - ~b1~S13DerAgent)) / a 
Where: 
~13C =corrected delta value of glucose 
a =number of carbons from compound of interest 
b =number of carbons from derivatizing agent 
~13~r =delta value of the derivitized compound of interest 
13
DerAgent =delta value of derivatizing agent 
The delta value of the derivatizing agent was calculated with the above formula by 
entering the assayed delta value of non-derivitized glucose and solving for b 13DerAgent• 
Exogenous glucose in plasma was calculated using the following formula. 
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X = (total glucose)(S~ — &o) ~ (S~~ — Sco) 
Where: 
X = mmol/L of plasma glucose derived from carbohydrate of interest 
Total glucose = mmoUL plasma glucose 
~~ =corrected delta value of plasma glucose at specific postprandial times 
Ito =corrected delta value of plasma glucose at zero time 
S~~b =delta value of the carbohydrate of interest 
Statistics 
One-way repeated measures ANOVAs were conducted with type of cornstarch as the 
fixed factor and area under the ' 3C glucose curve, and cumulative 13C oxidation at 4 hours as 
the dependent variables. Two-way repeated measures ANOVAs were done with trial and 
i e as the fixed factors and 13C- lucose and oxidized exo enous carboh drate as de endent tm g g _ y p 
variables. 
Exogenous Glucose Results 
The delta values for the pure carbohydrates are shown in Table 5. The delta values of 
the experimental carbohydrates were sufficiently high in 13C to trace metabolism, and the 
values were used in subsequent calculations. 
Figure 6 shows the chromatography (6B} and mass spectra (6A) from GC-MS 
analysis of the di-o-isopropylidene derivative. Figure 6C shows the chromatography from 
GC-C-IR:MS analysis of the ~3C-glucose standard. Electron ionization mass spectra of the 
glucose di-o-isopropylidene derivative agree with the spectra published by DeJongh and 
Biemann (1964). 
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Table 5. 
Mean Delta Values of Nan-Derivitized Experimental Carbohydrates 
Carbohydrate cS-value 
Native amylomaize-7 cornstarch 
Acid-Alcohol modified amylomaize-7 cornstarch 
Dextrose 
Glucose Standard 
-10.21 ± 0.038 (n=4) 
-10.64 ± 0.033 (n=4) 
-11.21 ± 0.022 (n=5) 
-9.23 ± 0.052 (n=3) 
Note.  The mean delta. values (± SENn were determined using EA-IRMS analysis as outlined 
in the Materials and Methods. 
Exogenous Glucose in Plasma 
Exogenous glucose appearing in plasma (Figure 7) was calculated as described in the 
.Calculations section using the .delta values (Table 6) obtained from GC-C-IR:MS analysis. 
The rise in glucose concentration in aII three trials from 0 to 3 0 minutes seems to be 
completely accounted for by exogenous glucose, a.s the rise in exogenous glucose is greater 
than the rise in total glucose during all three trials. Almost 100% of total glucose 
concentration during the dextrose challenge is from exogenous carbohydrate at 60 and 120 
minutes. The range of total glucose accounted for by exogenous carbohydrate during the 
dextrose challenge was 43% to 100% and the average was 79%. Exogenous carbohydrate 
accounted for 3 7% to 43 % of total glucose during the modif ed amylomaize-7 cornstarch 
challenge. The average was 41 % of total glucose from exogenous carbohydrate. Exogenous 
carbohydrate accounted for 31 % to 70% of total glucose during the native amylomaize-7 
cornstarch challenge. The average was 40% of total glucose from exogenous carbohydrate. 
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Figure 6. Chromatograph, spectra, and isotopic analysis of di-o-isopropylidene derivative of 
glucose obtained as described in Materials and Methods. A. GC-MS spectra. of 
chromatograph in B. C is the CO2 peak derived from glucose standard by GC-C-IRMS 
analysis. 
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Figure 7. Exogenous plasma glucose concentration ± SEM 
of subjects (n=2) following ingestion of the test carbohydrates. 
Exogenous glucose was calculated from the amount of 
13C-glucose as described in Materials and Methods. 
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Table 6. 
~3C-glucose Delta Values 
Time Modified Amylomaize-7 Native Amylomaize-7 Dextrose 
(min) Cornstarch (n=3) Cornstarch (n=2) (n=2) 
0 
30 
60 
120 
180 
240 
-24.3 
-22.1 
-21.8 
-22.1 
-22.1 
-21.8 
-23.7 
-19.9 
-22.2 
-21.5 
-21.3 
-21.8 
-23.6 
-20.9 
-19.4 
-18.2 
-21.1 
-21.7 
Note. 13C-glucose delta values of plasma samples following ingestion of test 
carbohydrates. Delta values were used to calculate exogenous glucose appearing in 
plasma as described in Calculations. * In the native amylomaize-7 cornstarch trial 
n=3 at time 0 and n=2 at all other time points. 
Glycemic and Oxidation Indexes 
Avera e areas above baseline under the 13C- lucose versus time curve +SEM 13C 1 cemic g g (_ )~ g y 
index, 4 hour total exogenous carbohydrate oxidation, and 4-hour total oxidation of the 
amylomaize-7 cornstarches as a percentage of dextrose are shown in Table 7. The 4-hour 
total oxidation of exogenous carbohydrate was not significantly different between the three 
trials. 
Breath Analysis 
No difference in rate of exogenous glucose oxidation (Figure 8} occurred between the three 
trials. Cumulative exogenous carbohydrate oxidation was not different between the three 
groups, and it did not change significantly during the modified amylomaize-7 trial. In the 
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Table 7. 
~3C Area Under Curve, 13C Glycemic Index and Four Hour Total Exogenous Carbohydrate 
Oxidation 
Trial 13C-glucose area 13C-glycemic 4-hour total 13CO2 Total Oxidation 
under curve index oxidation (% of COD) 
(mM x min) (mg) 
(n = 2) (n = 7) 
MOD 196.17 47% 3981 + 1906 36% 
NAT 186.1 45% 803 8 + 293 8 73 
DEX 414.6 100% 11083 + 3 83 5 100% 
Note. Mean values (± SEl~ of'jC area under curve, 4-hour cumulative exogenous glucose 
oxidation, 13C glycemic index, and 4-hour oxidation of native amylomaize-7 cornstarch 
(NATO and modified amylomaize-7 cornstarch (MOD) as a percentage of dextrose (DES. 
13C glycemic index and total oxidation as a percentage of dextrose were calculated as
described in Materials and Methods. 
dextrose .trial, total exogenous carbohydrate oxidation (Figure 9) was greater at 180 minutes 
than at zero time and greater at 240 minutes than at 0, 3 0, 60, and 120 minutes. In the native 
amylomaize-7 cornstarch challenged group, total exogenous carbohydrate oxidation was 
greater at 240 minutes than at 0, 3 0, and 60 minutes. 
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Figure 8. Rate of exogenous carbohydrate oxidation + SEM 
of subjects (n=7) following ingestion of test carbohydrates. 
E~cogenous carbohydrate oxidation was calculated from the 
amount of 13CO2 as described in Materials and Methods. 
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Fgu+e 9. Curr~ulative exogenous cari~ohydrate o~adized ± SEM of subjects (n=~ 
fol~o~wirx~ ingestion aF test carbohydrates. Time poirrts mat do riot share 
a oarmon letter are different firom orie . Currx.~ative exogeriaas 
carbohydrate o~ada6on was calduted from the amourn af 13COZ in 
breath gas as described in Materi~s and Me#hods. 
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Exogenous Glucose Discussion 
No differences in the rate of exogenous glucose oxidation between the three trials 
occurred. However, trends in exogenous glucose oxidation were apparent. In the dextrose 
challenged group, carbohydrate oxidation increased to 3 0 mg/min above zero time at 3 0 
minutes postprandial and to 70 mg/min at 60 minutes postprandial. These rates of oxidation 
are comparable to previous results using these techniques (Peronnet et al., 1993). Rates of 
oxidation following ingestion of the two starches fell between 0 and 40 mg/min. The 
amylomaize-7 cornstarches seem to be oxidized, but at a slower rate than glucose. 
Furthermore, support for at least some amylomaize-7 cornstarch oxidation comes firom the 
finding that total oxidation of the native amylomaize-7 cornstarch was greater at 240 minutes 
than at 0, 30, and 60 minutes. Additionally, digestion of the amylomaize-7 cornstarches may 
take more than_ 4 hours, especially at rest where oxidation would presumably remain low. 
Trends were also apparent in exogenous glucose appearing in plasma. Both modified 
and native amylomaize-7 cornstarches were digested to some extent a.s they resulted in 13C- 
glycemic indexes of 47% and 45%respectively. Additionally, exogenous glucose from both 
the modified and native amylomaize-7 starches accounted far 34% of the total glucose 
concentration on average during the 4 hours. 
Technical difficulties with equipment, and doubts as to the accuracy of the 130 2 data 
may have kept these analyses from revealing any true differences between the native and 
modified amylomaize-7 cornstarches. V~Thile these analyses do not support the originally 
hypothesized differences in digestibility between modified and native amylomaize-7 
cornstarches, it seems clear that the modified amylomaize-7 cornstarch is digested and 
oxidized to some extent. Digestion and oxidation of the two amylomaize-7 cornstarches is 
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evidenced by anon-significant rise in total glucose, total insulin, 130 -glucose, and 1302, a.s 
well as a glycemic index of 3 9%, a 130 glycemic index of 47%, a 13002 total oxidation of 
36% relative to total oxidation during the dextrose trial, and a greater rise from 0 to 30 
minutes in exogenous glucose in plasma than in total glucose in plasma. Completing the 
exogenous plasma glucose analyses for the remaining subjects would presumably make clear 
whether the modified and native amylomaize-7 starches possess different digestibilities. 
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